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Brain Development:  The QuestionsBrain Development:  The Questions

How does the brain change during childhood?  How does the brain change during childhood?  
During adolescence?  During adolescence?  

Can we detect spatial and temporal patterns Can we detect spatial and temporal patterns 
that help explain cognitive and social that help explain cognitive and social 
development during various maturational development during various maturational 
stages?stages?
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The brain has reached 90% of its
adult value by approximately 7 years
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Given that relatively little change is Given that relatively little change is 
occurring in overall measures of brain occurring in overall measures of brain 
growth, it might be more interesting to growth, it might be more interesting to 
look at the dynamic changes going on look at the dynamic changes going on 
within various brain tissues such as within various brain tissues such as 
gray and white matter during the child gray and white matter during the child 
and adolescent years.  and adolescent years.  
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Sculpting the Postnatal BrainSculpting the Postnatal Brain

What kinds of cellular changes are occurring that What kinds of cellular changes are occurring that 
could give rise to the dynamic brain changes we could give rise to the dynamic brain changes we 
observe during childhood and adolescence? observe during childhood and adolescence? 

Myelination Myelination (increased speed(increased speed
of transmission).of transmission).

Synaptic pruning (increasedSynaptic pruning (increased
efficiencyefficiency--decreased decreased 
plasticity).plasticity).

SynaptogenesisSynaptogenesis??
NeurogenesisNeurogenesis??

Only post-mortem and animal studies can tell.
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Surface Based Methods
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Courtesy of Paul Thompson

The Navier equation 
for elastostatics to 
evaluate small 
deformations required 
to warp the brain data 
from one individual 
into a group atlas 
where we can begin to 
evaluate group 
differences in 
anatomy or function.  
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Annualized Rate of Change in Cortical Thickness

Sowell, et al., 2004, J Neuro
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Gray Matter Statistical Map

Sowell, et al., 2004, J Neuro
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Sowell et al., 2003
(7 to 87 years)
Density

Longitudinal 
Sample
(5 to 11 years)

Thickness
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How do developmental changes in brain How do developmental changes in brain 
structure relate to brain function and structure relate to brain function and 
cognitive abilities?cognitive abilities?

While it is tempting to speculate that While it is tempting to speculate that 
protracted frontal lobe development is at protracted frontal lobe development is at 
the root of adolescent behavioral the root of adolescent behavioral 
eccentricities, unfortunately little is yet eccentricities, unfortunately little is yet 
known.known.
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Sowell, et al., 2004, J Neuro



E.R. Sowell

From Lu et al., 2007, Cerebral Cortex.

Phonological processing change correlated with 
thickness change is spatially dissociable from 
correlations between motor functioning and thickness
change.  Regions in white are positive (improved performance
with increased thickness), and in red are negative (improved 
performance with decreased thickness).
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Shaw et al., Nature, 2006
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Results from these studies suggest that the 
direction of relationships between cortical 
structure and cognitive function seems to be 
dependent on where you look and when.
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General Conclusions: Brain DevelopmentGeneral Conclusions: Brain Development

The tissue within the brain continues to change The tissue within the brain continues to change 
dynamically during childhood and adolescence even dynamically during childhood and adolescence even 
after overall growth has ceased.after overall growth has ceased.

Frontal cortices are developing most rapidly Frontal cortices are developing most rapidly 
during the adolescent years.during the adolescent years.

The primary language cortices show a The primary language cortices show a 
unique pattern of development.unique pattern of development.
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Conclusions: Brain DevelopmentConclusions: Brain Development

Perhaps knowing something about cortical Perhaps knowing something about cortical 
structure and brain activation patterns will better structure and brain activation patterns will better 
predict cognitive abilities than age alone.  This predict cognitive abilities than age alone.  This 
might eventually be useful in developing might eventually be useful in developing 
education strategies that are not solely ageeducation strategies that are not solely age--based.based.

We are only in the beginning stages of We are only in the beginning stages of 
understanding how the brain develops and understanding how the brain develops and 
what factors contribute to changes in brain what factors contribute to changes in brain 
structure and function.  structure and function.  
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